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ABSTRACT

This report presents the results of e wind tunnel test program to determine
surfuce pressures and flow field properties on the McDonnell Douglas Orbilter
configuration. The tests were conducted at the Arnold Engineering Develop-
ment Center (AEDC) in Tunnel B of the von Karman Gas Dynamics Facility (VKF).

The tests were conducted in May and September 19T1.

Data were obtained at a nominal Mach number of 8 and a freestream unit Reynolds
number of 3.7 x lO6 per foot. Angle of attack was varied from 10 to 60 deg. in

10-deg. increments.
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SUMMARY

Presented herein sre the results of a wind tunnel test progrsm to determine

surface pressures and flow field properties employing & 0.0ll scale moaeL J
: Y

of the McDonnell-Douglas Orbiter configuration. The tests were conducted :

at Arnold Engineering Development Center, AEDC, in Tunnel B of the von'K§¥-
L ) ', ) i

an

man Facility.

L
Data were obtained at a nominal freestream Mach aﬁd Reynolds number of 8 .

. 1
and 3.7 x 106 per foot, respectively. The angle of attack renge was varifd 

from 10 degrees to 60 degrees in 10 degree increments.

|

| :
The model flow field was surveyed with pltot-pressure and single shield

total temperature probe rekes. The rskes were mounted so thet pressure snd
temperature messurements could be made simultaneously. Pitot-preassure end
total temperature measurements were attemptéd et X/L stations 0.3 end 0.5
at 50 degrees and 60 degrees angle of attack; however, the rekes snd sup-
port hardware distorted the flow field, as observed in shadowgraph photo-
graphs, and therefore these measurements are not presented. The total tem-~
perature probes were quite delicate and subject to feilure. 1In c?ses

where the probes failed and could not be replaced readily the measurement
does not appear as plotted orltabulated data. Thé plotted date for the
model surface pressures and flow field properties are arranged by incress-
ing angle of attack. The tabulated values for the plotted data sre sr-
ranged by increasing angle of attack and are located in the Appendix of

thilis document.



CONFIGURATION INVESTIGATED

A 0.0ll scale replics of the McDcnnell-Dougles Orbiter was employed during
this wind tunnel investigation. Configuration details are tsbulated in

Table 2. A sketch and s photogreph of the model is presented as Figure 1

and 2, respectively.

I



MODEL INSTRUMENTATION

The model flow fleld was surveyed with piltot-pressure snd single shield total
temperature probe rakes. The rakes were mounted so that pressure and tem-
perature measurements could be made simultaneously. The rakes and support
mechenism used for the majority of the measurements asre shown in Fig. 3. These;
rakes faliled during the tests and new rskes and support mechanism were fab- i
riceted. The new reke geometry weas similar to the first with only smsll

changes in probe spacing. Probe spacing for both rake-support combinstions is

given in Fig. 3.

Static and piltot-probe pressures were measured with 15 psid trensducers refer-
enced to a near vacuum for pressures less than 15 psles and to atmospheric
pressure for pressures greater than 15 psie. The atmospheric reference pres-

sure was also measured with a 15 psid trensducer.

Pitot pressure end totel temperature messurements were attempted at model X/L ;
stations 0.3 end 0.5 at 50 and 60 degrees angle of attack; however, the rekes
and support mechanism distorted the flow field, as observed in shedowgraph

photographs, therefore these measurements are not presented.

The total temperature probes were quite delicete and subject to fellure, and if

the probe falled and could not be replaced immedistely the measurement does not

|
appear in the plotted or tabulated data sections.



TEST FACILITY DESCRIPTION

Tunnel B 1s a continuous, closed-circult, varlsble density wind tunnel with
an axisymmetric contoured nozzle and a 50-1n.-dilam. test sectlon. The tunnel
can be opersted at a nominal Mach number of 6 or 8 at stagnation pressures
from 20 to 300 and 50 to 900 psia, resbectively, at stagnation temperatures
up to 1350°R. The model may be injected into the tunnel for a test run and

then retracted for model cooling or model changes without interrupting the

tunnel flow.

TEST CONDITIONS

Nominal test conditions are presented in Table I, Test Data Summary Sheets
and the specific test conditions for each run are provided at the top of

the data tabulation sheet for that run.



TEST TITLE:

TEST NUMBER:

Tabl

el

TEST DATA SUMMARY SHEETS

MDAC-DWO Flow Field Tests

VT1162

May, September 1971

TEST FACILITY:

TEST ENGINEER:

AEDC-Tunnel B

R. K. Matthews & W. R. Martindale

*SP - Surface Pressure

FF - Flow Field

TEST DATE:

Run Model] Free | Total | Total |Rake- Data | Model Positi Flow

No. |Model Configuration kdentification| Scale | Stream | Pressure| Temp.pupport|Re/ft Type* (degrees) | Field

. -6 Survey

Mach (psia) CR) x 10 Station |
# Number |l |®] xL
= :

13 MDAC-DWO 0.011 8.0 860 1340 1 3.7 SP 10 0 8o -—-
12 ' 20
N 30
28 140
29 50

60. 1

FF 10 0.3

0.5

0.7

) 0.916
, - ’ 20- L 0.3
I HH
&4, X bk X M o - & 4 X 0.7



Table 1 - Concluded
TEST DATA SUMMARY SHEETS

TEST TITLE: MDAC-DWO Flow Field Tests

TEST NUMBER: V71162 TEST FACILITY: AEDC-Tunnel B
TEST DATE: May, September 1971 i‘EST ENGINEER: R. K. Matthews & W, R. Martindale
Run Model| Free | Total | Total LRake- | Data_|Model Position| Flow
No. |Model! Configuration Kentification] Scale | Stream | Pressure] Temp.}pupport jRe/ft Type* (degrees) | Field
Mach msia) | CR) x 10-6 _ Survey
Number <17 1 & Station 1
15 MDAC-DWO 0.011 8.0 860 1340 1 3.7 FF 20 0 f180 ] 0,916
' 30 | 0.3
0.5
0.7
& _ 0.916
1 40 |- 0,'3
0.5
. .410.7
R | 0.916
. . 0.7
0,916
. - 0.7
} I ! 1 { {T V1 [ Towie

*SP - Surface Pressure
FF - Flow Field



DATA REDUCTION

By assumlng the flow-fleld static pressure equal to the wall static
pressure, the local Mach number (ML) was calculated from the Rayleigh
pitot formule,

7/2 \5/2

PR 6ML2 6
PML 5 TMLA-1 ’

for ML, 2 1

or from the compressible Bernoulli equation,

PR

S (1 + 0.2 M2)7/2, for ML < 1.

The assumption of constant stetic pressure becomes less valid as the

distance from the model surface increases.

The equations for the other flow field parameters are:

Parameter Equation Units

TL TL = TO oR
(1 + 0.2 ML)

UL UL = (49.02)(ML) VTL ft/sec

RHOL RHOL = (2-731{ (ML~ LEM/£t3

MUL woL = 2:27 (11)3/2 -8 1b-sec/rt?
TL + 198.6

REL REL = (RHOL) (UL) N
(32.17) (MUL) £t~



DATA REDUCTION
(Continued)

The quentities calculated using TL ere not valid in the model boundary
layer since TTR is less than TO and, of course, none of the calculated

peremeters are meaningful outside the model shock layer.

DATA PRECISION

Estimated uncertainties of the primary measurements sre given

Pargmeter Uncertainty
PML . #0.015 psia
PO #1.8 psia
POl 40.021 psia
PR +0.015 psia (for PR < 15 psia)

+0.021 psia (for PR > 15 psia)
0 +10°R

TR +25°R

10



SUMMARY DATA PLOT INDEX

TYPE
OF
DATA

PAGES

ANGLE OF ATTACK - DEGREES

FLOW FIELD SURVEY STATION (X/L)

10

20

30

4o

50

60

0.3 0.5 0.7 0.916

26
27
28
29

31

| .

e

P4 P4 e

e ol

P4 Pd 4

X/L

PR/PO1L vs. X/L

UL/U-INF vs. X/L

TIR/TO vs. X/L RHOUL/RAOU-INF vs.

ML

vs. X/L

/%
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FIGURES
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Pressure
Orifice X/L
1 0.1
2 0.2
- 3 0.3
\ X 4 0.4
5 0.5
6 0.6
7 0.7
8 0.8
9 0.916
10 0.970

All Dimensions in Inches

- 18.10

0.04 ID Pressure
Orifice (Typ)

5 6 7

| |

Fig. 1 McDonnell Douglas Delta Wing Orbiter Model Sketch (0.011 Scale)

21.35 - P—6'44 ———|
(L)
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PROBE HEIGHT, Y, IN.

Pressure Probes

Temperature Probes

Rake No. 1 Rake No. 2 Rake No. 1 Rake No.
1 0.014 0.014 0.046 0.051
2 0.065 0.066 0.151 0.131
3 0.111 0.112 0.226 0.202
4 0.158 0.163 0.324 0.303
3 0.207 0.216 . 0.426 0.402
6 0.254 0.258 0.629 0.599
7 0.308 0.313
8 0.363 0.365
9 0.414 0.415 All Dimensions in Inches.
10 0.501 0.499
11 0.598 0.606
12 0.701 0.702
13 0.807 0.802
14 0.899 0.892 .
15 1.000 0.981 o]

-

0.20
1.0 0.042-0.D. —
’ o Tubing c
0.8+ 8 C
- 0.042-0.D.=
0.6_ O Tubing =
0.4+ c g Flattened
0.2 TS 8 too.025
LY 09 g 0.20-%
I'll"" 14 ' ‘

Model Surface

Pressure Orifice

=

20 deg;

1.

|.

0.062-0.D. Total
Temperature Probes

25 -I \— Cover Plate

N

Fig. 3 Probe-Rakesand Support

r—o.s-in. Diameter
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MODEL COMPONENT DESCRIPTION SHEETS
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Table 2

Configuration Description Details

MODEL COMPONENT:  BODY - MDAC Orbiter

GENERAL DESCRIPTION: Basic fuselage contours including canopy.

Model Scale: 0.011

DRAWING NUMBER: 255 BJ 00050, Rev. B

DIMENSIONS : | ‘FULL-SCALE MODEL SCALE

Length (ft.) _156.4 1,720

Max. Width 27.1 .298

Max. Depth 30.3 333

Fineness Ratio

Area (ft.%)

~ Max. Cross-Sectional 627, 4 0759
Planform ' ' 3790.0 . 459
Wetted . ' 12520.0 1.515
Base \ 447.0 .0541

Note: A1l units are ft. or sq. ft.
These data include both sides of the vehicle.

17



Table 2 - continued

MODEL COMPONENT: E]evon’- MDAC Orbiter

GENERAL DESCRIPTION: Model Scale: 0.011

DRAWING NUMBER: 255 BJ 00050, Rev. B

DIMENSIONS: o  FULL-SCALE
Area, ft.2 " 963,
Span (equivalent), ft. | 73.7
Inb'd equivalent chord, ft. o 12.8
Outb'd equivalent chord, ft. 12.8

Ratio Elevator chord/horizontal
tail chord

At Inb'd equiv. chord
At Outb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge - | 0.0
Tailing Edge ' ; __ 0.0
Hingeline 0.0

Area Moment (Normal to hinge line)

Note: A1l units are ft., sq. ft., or degrees.
These data include both sides of vehicle.

18

MODEL SCALE

17
.811
141
.141

0.0
0.0

0.0



Table 2 - ¢ontinued

MODEL COMPONENT: Body Flap - MDAC Orbiter

GENERAL DESCRIPTION: Model Scale: 0.011

DRAWING NUMBER: 255 BJ 00050, Rev. B

DIMENSTONS ; ' ©FULL-SCALE
Area, ft.2 o ' 140.88
Span (equivalent) » ft. 1 23.81
Inb'd equivalent chord, ft. o 5.333  .
Outb'd equivalent chord , ft. ' 12,80

Ratio Elevator chord/horizontal
tail chord

At Inb'd equiv. chord
At Outb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge | . 0.0
Tailing Edge ' ; __0.0
Hingeline 0.0

Area Moment (Normal to hinge line)

Note: A1l dimensions in ft., sq. ft., or degrees ;
These data include both sides of vehicle.

19

MODEL_SCALE

.0170

—262
—0287
SN 3 N

0.0
0.0
0.0



Table 2 - continued

"«wrdODEL COMPONENT : Wing - MDAC Orbiter

GENERAL DESCRIPTION:  Model Scale: 0.011

DRAWING NUMBER:

255 BJ 00050, Rev. B

Fus., Sta. of .25 MAC
W.P. of .25 MAC

idi

Note: A1l units are ft., sq. ft., or degrees.

DIMENSIONS: + FULL-SCALE MODEL SCALE
TOTAL DATA
Aregﬁ ft.2 '
anfor . 5330, 645
Wetted .
Span (equ1va1ent) 97.5 1.073
Aspect Ratio 1.68 1.68
Rate of Taper ""'
Taper Ratio 0,230 230
Diehedral Angle, degrees 10,0 10.0
Incidence Angle, degrees 2.0 2.0
Aerodynamic Twist, degrees 0 0
Toe-In Angle . 0 0
Cant Angle 0 0
Sweep Back Angles, degrees
Leading Edge 55,0 55,0
Trailing Edge 0 0
0.25 Element Line 47.0 47.0
Chords: (ft.) :
Root 2N1ng Sta. 0.0) 90.43 .995
. Tip, (equivalent) 20.80 229
MAC, inches 63.30 ' .696
Fus. Sta. of .25 MAC -
W.P. of .25 MAC
AirToil Section
Root 0010-64 0010-64
Tip o) 1 -
EXPOSED DATA
Area, ft.2 3147.3 .381
Span, (cqu1va1ent) ft. 70.5 ,776
Aspect Ratio 1.47 1.47
Taper Ratio , ——
Chords (ft.)
Root 71.25 . 784
Tip
MAC



Table 2 - continued

MODEL COMPONENT:  Rudder - MDAC Delta Wing Orbiter

Area Moment (Normal to hinge ]ine)

Note: A1l units are ft., sq.. ft., or degrees.

21

GENERAL DESCRIPTION: Model Scale: 0.011
DRAWING NUMBER: 255 BJ 00050, Rev. B
DIMENSIONS : ©FULL-SCALE MODEL_SCALE
Area , ft.2 | ' 213 .9 0259
Span (equivalent), ft.  '. 21,5 303 ~
Inb'd equiva]entlchord, ft. o 9.50 105
Outb'd equivalent chord, ft. - 6.10 0671
Ratio Elevator chord/horizontal |
tail chord
At Inb'd equiv. chord .369 369
At Outb'd equiv@ chod - - | .369 .369
Sweep Back Angles, degrees |
Leading Edge | 30.0 30.0
Tailing Edge S _13.38 ' 13.38
Hingeline 19.95 ' 19.95



Tab]ee - concluded

_MODEL COMPONENT: Vertical Tail - MDAC Orbiter

GENERAL DESCRIPTION:  Model Scale: 0.011

DRAWING NUMBER: 255 BJ 00050, Rev. B

DIMENSIONS:

TOTAL DATA

~ Area, ft.2
Planforin
Wetted
Span (equlvalent) ft.
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
" Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element L1ne
Chords:
Root iwlng Sta. 0.0)
- Tip, (equivalent)
MAC, inches
Fus. Sta. of .25 MAC
W.P. of .25 MAC
Airfoil Section
Root
Tip

EXPOSED DATA

\

Area, ft. 2 '
Span, (cqu1va1ent) ft
Aspect Ratio :
zapeg Ratio
ords

Ro t(ft )

Tip

MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

22

. FULL-SCALE

580.0

MODEL SCALE

0009-64

R ————

702

303

1,30

638
—283
SN £33 -
—236



NOMENCLATURE

ALPIA-MODEL (a) Model angle of attack, deg
ATPITA - PREBEND Sting prebend sngle, deg
ALPHA -DICTOR Tunnel sector angle, deg
CP Pressure coefficient, (PM-(P-INF))/Q-INF
CP-MAX Pressure coefficient based on POL, (POLl-(P-INF))/Q-INF
L Model length (21.35 in.)
MACH NO. Free-stream Mach number
ML Local Mach number
MU-INF Free-stream viscosity, lb-sec/ft2
MUL Local viscosity, lb-sec/ft®
- P-INF Free-stream pressure, psia
PM Model surface pressure, psia
PML Local model surface pressure, psia
PO Tunnel stilling chamber pressure, psia
POL St?gnation pressure downstream of a normal shock,
psia
PR Rake probe stagnatlion pressure, psia
Q-INF . Free-stream dynamic pressure, psia
RE/FT ' Free-streem uhit Reynolds number, ft~1
REL Local unit Reynolds number, R
RHO-INF Free-stresm density, LEM/ft3
RHOL Local density, LEM/£t3
RHOUL Local density-velocity product, LEM/ft2-sec



ROLL-MODEL (¢)
T-INF

TL

TO

TTR

YAW

NOMENCLATURE
(Continued)

Model roll angle, deg

Free-stream temperature, °R

Locel tempersture, ©R

Tunnel stilling chamber tempersture, OR

Total temperature meassured by rake probes, °R
Free-streem velocity, ft/sec

Local velocity, f£t/sec

Axial coordinate (see Fig. 1), in.

Distance from model surface or probe height
(see Figs. 1 and 3), in.

Model yaw eéngle, deg.

2k



PLOTTED DATA
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